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Abstract 
 
The ground state of the solid solution of the two spin gap systems (CH3)2CHNH3CuCl3 and 
(CH3)2CHNH3CuBr3 has been investigated by 1H-NMR.   The existence of a magnetic ordering in the 
sample with the Cl-content x=0.85 was clearly demonstrated by a drastic splitting in a resonance line at low 
temperatures below TN=13.5K.   The observed NMR spectra in the ordered state was qualitatively 
consistent with the simple antiferromagnetic state. 
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1. Introduction 
 
The title compounds of (CH3)2CHNH3CuCl3 
and (CH3)2CHNH3CuBr3 abbreviated as IPA-CuCl3 
and IPA-CuBr3 are 1-D spin gap systems with an 
isomorphic structure[1,2].   The mechanism and 
the magnitude of the gap are quite different in these 
two systems. In the Cl-system, which has recently 
been revealed to have a ladder-like magnetic 
structure by the inelastic neutron experiment [3], 
the neighboring two S=1/2 spins on the rung 
interact ferromagnetically to form effective S=1 
spins at low temperatures.   The interaction 
among these integer spins is antiferromagnetic, so 
that the ground state is gapped one as Haldane 
conjectured [4].   In Br-system, on the other hand, 
the interaction between the neighboring two S=1/2 
spins is antiferromagnetic, so that they form a 
singlet dimer state at low temperatures.   The spin 
excitation gaps of these two systems have been 
reported to be about 14 K and 98 K by neutron and 
magnetic susceptibility experiments [1,2,3].   The 
purpose of this study is to investigate the ground 
state of the solid solution of the two spin gap 
systems. 
So far, Manaka et al. have been working 
intensively on the macroscopic measurements in 
IPA-Cu(ClxBr1−x)3 to report that the magnetic order 
takes place within the limited region 0.44<x<0.87, 
and that the transition temperature shows a jump 
from zero to finite values at the two boundaries 
[5,6].   Nakamura has investigated numerically on 
the spin system with a bond disorder to report that 
an antiferromagnetic ground state will be realized 
by  a quantum effect [7]. *Email address: gotoo-t@sophia.ac.jp (Takayuki Goto) 
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However, microscopic investigation on the 
ground state has been left untouched except for our 
preliminary result by µ-SR [8].   In this paper, we 
demonstrate the existence of a magnetic phase 
transition in IPA-Cu(ClxBr1−x)3 (x=0.85) by 
1H-NMR spectra which are qualitatively consistent 
with the simple antiferromagnetic spin structure 
with 0=qr . 
 
2. Experimental 
 
Single crystals of IPA-Cu(ClxBr1−x)3 (x=1 and 
0.85) were grown by an evaporation method from 
isopropanol solution of isopropylamine 
hydrochloride, copper(II) chloride dihydrate, 
isopropylamine hydrobromide, copper (II) bromide, 
contained in a bowl, which was maintained to be 
30(±0.1)ºC and in a atmosphere of flowing nitrogen 
gas during an entire period of crystal grow, 
typically a month or two.   A typical size of 
obtained crystals was around 3×5×10mm with a 
rectangular shape as was reported [1,2,6]. 
The content of Cl was determined by ICP 
method on three tiny fragments chipped off from 
different points of crystals.  Macroscopic 
quantities of obtained crystals, the specific heat and 
the susceptibility were measured by PPMS and 
MPMS manufactured by Quantum Design Co. Ltd.   
1H-NMR measurements were performed by using a 
4K cryogen-free refrigerator set in a 6.5T 
cryogen-free-superconducting magnet.   Spectra 
were measured by recording a spin-echo amplitude 
simultaneously with ramping the magnetic field.   
In measurements under a field of different 
orientations, the sample was rotated by a geared 
rotator. 
 
3. Results and Discussion 
 
Figure 1 shows the temperature dependence of 
the uniform susceptibility χ0 of x=0.85 sample 
under fields between 0.1T and 4T.   At low field 
0.1T, χ0 shows a kink around 12K, and below that 
temperature, it decreases steeply in the case of 
H⊥C-plane, while slightly increases in the case of 
H⊥A-plane [1].  The specific heat also showed a 
small but distinct cusp at the same temperature.   
These results indicating the existence of a magnetic 
long range order and the direction of the easy axis 
being perpendicular to C-plane are consistent with 
those reported by Manaka [5].   With increasing 
field, the behavior of χ0(H⊥C) does not change 
until 2T, and at still higher fields the reduction 
below the kink temperature is weakened rapidly.   
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Fig. 1 The temperature dependence of the uniform
susceptibility χ0 of the x=0.85 sample under fields
between 0.1T to 4T.   The inset shows the
rectangular shape of a crystal, with a denotation of 
the three surfaces [1]. 
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Fig. 2 1H-NMR spectra of the two samples x=0.85
and 1 under the field at around 3T.   The two 
spectra #1 and #2 at 13.3K are obtained by 
independent scans under the identical conditions. 
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This means that the spin flip transition takes place 
at a field slightly above 2T as suggested by Manaka 
et al. [5] 
Figure 2 shows the field-swept spectra of the 
two samples x=0.85 and 1 at various temperatures 
under the field around 3T.   At high temperatures 
both the samples exhibit a sharp paramagnetic 
resonance line.   As decreasing temperatures, the 
x=1 sample keeps up the sharp width, while the 
x=0.85 sample shows a drastic split in the peak.   
At the lowest temperature of 4K, five distinct peaks 
appear overlapping each other, and ∆H defined as 
the full width at the 20% maximum of the entire 
spectrum as shown in Fig. 2, reaches around 1.2 
kOe.   The temperature dependence of ∆H is 
plotted in Fig. 3, where the finite value of ∆H above 
TN corresponds to the width of the paramagnetic 
peak ∆H0= 0.20 kOe.  
This drastic splitting in the peak is the 
microscopic demonstration of the existence of the 
staggered field, and hence the antiferromagnetic 
long range order.   The volume fraction of the 
ordered phase is considered to be around unity, 
because there is little spectral weight at the position 
at the paramagnetic peak.  The temperature 
dependence of ( ) 0HTH ∆−∆  in the ordered state 
is described as ( )βN1 TT−  in the vicinity of the 
onset temperature of the peak splitting as shown in 
Fig. 3.   The parameters of Néel temperature TN 
and the critical exponent β were obtained from 
fitting to be 13.5(1) K and 0.33 (1).   The latter is 
consistent with 3D-Ising model, and coincides with 
the result of our µSR experiment [8]. 
Spectra taken under the various directions of 
the low field 0.8T are shown in Fig. 4 (a), where the 
applied field is rotated within A-plane.     
Positions of multiple peaks in observed spectra are 
qualitatively explained in terms of the inequivalent 
proton sites exposed to the hyperfine field produced 
by the staggered moment.   Those ten inequivalent 
proton sites in the unit cell are expected to feel 
different hyperfine fields from electron spins, and 
hence to have different shifts.   We have assumed 
the classical dipole-dipole interaction between 
electron and nuclear spins, and the magnetic 
structure of the simplest case 0=qr , where every 
dimer orders antiferromagnetically with an identical 
phase to calculate ( )irH rδ , the hyperfine field at 
each proton site.   ( )irH rδ  is evaluated from the 
simple formula ( ) ( ) ( )∑
−=
−⋅≈
Nj
jjii RRrAhrH
1
dip0
ˆ rrrrr µδ , 
where 0hˆ  is the unit vector along the applied field, 
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Fig. 4 (a)  1H-NMR spectra of the x=0.85 sample
under 0.8T applied along various directions within
A-plane.   Some spurious signals 1H* and 19F are
observed around the zero-shift position and +0.05T,
indicated by arrows.   (b) Calculated spectra based
on assumptions of the classical dipole-dipole
interaction, the ordered moment of 1µB directed
perpendicular to C-plane, and the antiferromagnetic
vector 0=qr . 
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Fig. 3 Temperature dependence of ∆H, definition 
of which is shown in Fig. 2.   The value of ∆H 
above TN corresponds to the peak width in the 
paramagnetic state ∆H0=0.20 kOe. 
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dipA , the dipole tensor, ir
r (i =1-10), the proton sites 
in the unit cell, and ( )jRrrµ , the magnetic moment 
located at the Cu site jR
r
.   ( )jRrrµ  is assumed to 
be 1 Bµ  in magnitude and lying along the easy axis 
perpendicular to C-plane.   The latter is because 
the applied field 0.8T is much lower than the spin 
flip field around 2-3 T.   In the calculation, 
summation on j was taken over a hundred of 
neighboring Cu-sites.   Obtained ( )irH rδ ’s were 
convoluted with an appropriate Gaussian-width and 
superposed to obtain spectra shown in Fig. 4 (b).   
Though there are some differences in the detailed 
shape and the magnitude of the hyperfine field, one 
must note that the two show a good agreement in 
the overview, especially in the angle region 0-90°.  
This indicates the spin structure in this system is 
simple antiferromagnetic rather than an 
incommensurate or glass-like state, supporting 
Nakamura’s theory [7]. 
For the complete determination of the 
antiferromagnetic vector, a theoretical investigation 
including the supertransferred hyperfine interaction 
via negative ions seems to be necessary.   In fact, 
observed increase 1 kOe in ∆H from the 
paramagnetic value at lowest temperatures exceeds 
the calculated value 0.8 kOe expected for the 
ordered moment of 1µB with a dipole-dipole 
interaction, indicating the presence of the stronger 
interaction between electron spins and nuclear 
spins. 
Finally, the knurled structure of spectra 
observed around TN, shown in Fig. 2, does not mean 
an incommensurate spin state.  Rather, it arose 
from an unavoidable small temperature instability 
of the system.   This is confirmed simply by the 
fact that the two measurements under an identical 
condition did not coincide as shown by the two 
spectra #1 and #2 at 13.3K in Fig. 2.   For the 
rising rate ∆H is very large around TN, that is, 
≈∆∆ TH 0.1T/K as shown in Fig. 3, a temperature 
drift within a few milli-Kelvin is enough to cause 
the observed fluctuation in spectra. 
In conclusion, we have investigated 1H-NMR 
spectra on the bond-disordered spin gap system 
IPA-Cu(ClxBr1−x)3 (x=0.85) to show that the ground 
state is antiferromagnetic rather than the glass-like 
or the gapped one.   In order to investigate a 
change in the magnetism toward the quantum 
critical point, an experiment on samples with other 
concentrations is in progress. 
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